ABSTRACT Aim: Premature birth is an extremely stressful experience. In 2013 to 2014, we explored the physiological stress responses of fathers during their first skin-to-skin contact (SSC) with their new baby.
INTRODUCTION
The incubator is the main care environment for premature infants in developed countries. However, this traditional model of care physically separates the infant from their parents, depriving them of close contact with one another, sometimes for long periods of time (1) (2) (3) . This forced separation has been shown to be an extremely stressful experience for both the premature babies and their parents (4) , and stress can affect parenting and influence the parent-child relationship (5, 6) . Owing to these issues, it became clear that there was a need for an alternative method of care.
Kangaroo mother care (KMC), which was originally developed in Colombia in the 1970s to provide care in areas where incubators were unavailable or unreliable, has been reported to decrease mortality rates (7) and promote the proper development of the premature child, family integration and parental involvement (7, 8) . KMC has proven to be an effective alternative to ensuring the survival of preterm and, or, low birthweight infants and provide them with a better quality of life (7) . This method has three components: direct skin-to-skin contact (SSC) between the caregivers and baby, exclusive breastfeeding and interdisciplinary monitoring during the first years of the child's life. Its benefits have been confirmed in the literature (7, 8) . In the light of these studies, a number of developed countries have introduced SSC into their hospital care for premature infants. In Quebec City, the Universit e Laval Hospital Centre has been using this method since 2011.
It has been shown that the fathers of premature babies experience parenthood differently from the fathers of term babies (9) , with lower involvement and significantly higher Abbreviations NICU, Neonatal intensive care unit; SSC, Skin-to-skin contact.
Key notes
We explored the physiological stress responses experienced by 49 new fathers by measuring their cortisol levels and blood pressure before and after their first skin-to-skin contact with their premature baby This Canadian neonatal intensive care unit (NICU) study showed a significant reduction in the fathers' physiological stress responses. The findings support hospital practices that enable fathers to experience their first intimate contact with their newborn infant in the NICU. psychological stress and depression scores (10) . Premature birth makes fatherhood in the neonatal intensive care unit (NICU) a significant challenge, and fathers have been shown to experience high levels of anxiety, frustration, fear and sadness (11) (12) (13) . Furthermore, they often hide their feelings of stress and feel that their role is to provide support and emotional strength for the family (1, 3, (11) (12) (13) . However, research has found that fathers who held their baby in SSC described the experience as an opportunity to be involved in the early care of their baby (14) and reported feeling more in control in the unexpected situation of preterm birth (15) .
The most important components of the stress system are the hypothalamic-pituitary-adrenal axis and the autonomic nervous system, specifically the sympathetic nervous system, which is also known as the fight or flight system (16) . The production of cortisol hormone is the most frequently used and accepted indicator of evaluating the functioning of the hypothalamic-pituitary-adrenal axis, (16) . The salivary cortisol method is a reliable measure and also the easiest and least invasive (16, 17) . Persistent overactivation of the autonomic nervous system can lead to metabolic alterations, such as blood pressure and heart rate variability (18) . Therefore, blood pressure changes can also provide a measure of stress.
Although premature birth has been reported to be a stressful situation for fathers, most studies have focused on the experiences of the mothers and babies. This study is unique due to its focus on the influence of SSC on the fathers' physiological stress responses, as measured by cortisol levels and blood pressure. We predicted that SCC would lead to a reduction in the fathers' physiological stress response and expected to observe a significant decrease in cortisol levels and blood pressure in all fathers who held their babies in SSC for the first time. As SSC reduces the expression of cortisol, it also slows down the autonomic response, expressed by pulse, and systolic and diastolic blood pressure. The convergence of these physiological responses will result in a state of harmony and relaxation. It was predicted that high levels of cortisol and high blood pressure responses would be observed in fathers at the beginning of the session, due to the anticipation and excitement of holding their baby for the first time and that these would last until the baby was held in SSC for the first time. Thereafter, we expected to see a gradual decrease in stress responses during, and after, the period of SSC between the father and baby.
METHODS

Study sample
After ethical approval was granted by the university and hospital committees, recruitment took place between July 2013 and November 2014. Families were recruited in the NICU of the Universit e Laval Hospital Centre's pediatric department in Quebec City. We recruited fathers whose partners had given birth to a premature baby of up to 33 weeks and three days, and the other inclusion criteria were that the baby was medically stable on the day of the SSC experiment and that the fathers were currently in a relationship with the infant's mother. The fathers were excluded if the baby had a critical health condition and, or, the father verbally reported previous mental health problems, such as a diagnosis of depression or anxiety. A total of 173 preterm infants were identified at birth as potential study subjects. Of these, 80 did not meet the inclusion criteria, 24 fathers refused to participate, and 14 babies died before they could be included in the study. From this enroled cohort of 55 dyads, two were excluded following the subsequent death of the baby and four were removed from the statistical analyses due to noncompliance with the protocol. The remaining 49 dyads formed the study cohort. The fathers' average age was 31(AE4.8) years, their average education level was 14.1 (AE3.7) years, and they worked an average of 43.3 (AE11) hours per week. The infants' mean gestational age at birth was 29.2 (AE2.5) weeks, while their average weight at birth was 1256.2 (AE441.5) grams. The infants' mean postnatal age at the time of the first SSC with the father was 31.6 (AE1.5) weeks.
Procedure
Hospital staff scheduled the first SSC in advance, and the fathers were asked not to consume nicotine, caffeine, food or drugs for at least one hour before their arrival in the NICU. SSC lasted one hour. The nurse in charge of the baby prepared and placed the infant on the father's chest. A total of six saliva samples and blood pressure readings were taken at the same time ( Fig. 1 ): on arrival in the room, 15-30 minutes later, immediately before starting the experimental procedure (SSC), 30 minutes later, at the mid-point of the experiment, at 60 minutes at the end of the SCC procedure and 15 and 30 minutes after the end of SSC. All the fathers were sitting, resting in a comfortable chair, during the sample collection in the NICU's small room, which had less than six incubators (Fig. 1) .
Measures
The first stress response measure was salivary cortisol, which peaks 20 and 30 minutes after exposure to a stressor (17) . Saliva samples were collected using Salivette rolls held in the mouth for 40 seconds and then stored in Salivette tubes (Sarstedt, Newton, NC, USA) at À20°C until they were sent for biochemical analysis. Blood pressure was measured with a blood pressure cuff reading. The automatic blood pressure measurement was taken in the subject's nondominant arm to measure systolic and diastolic blood pressure and pulse per minute.
Analysis SPSS Statistics version 21.0 (IBM Corp, Armonk, NY, USA) was used to perform the analysis. When we measured cortisol and blood pressure during the first father-baby SSC, the saliva samples were numbered from one to six. They were stored at À80°C so that all the samples could be assayed at the same time. The Roche Cobas Cortisol assay was performed on an Elecsys 2010 immunoanalyser system (Roche Diagnostics, D€ usseldorf, Germany), which is a competitive electrochemiluminescence immunoassay that uses polyclonal sheep anticortisol antibodies. The lower limit of quantitation of the method is 0.5 nmol/L, and interassay and intra-assay variations were below 8%. Then, the data from the blood pressure readings -systolic, diastolic and pulse per minute -and cortisol measurements were analysed using generalised estimating equations to fit a repeated measures logistic regression, which is comparable to repeated measures analysis of variance and correlates data derived from repeated measures of the same individuals over time (19, 20) . The within-subject element was the time. We assumed that the distribution was normal, namely gamma distribution, and that the equations were extensions of those used in quasi-likelihood methods under independence model criterion using sandwich covariance matrix estimator.
RESULTS
We managed to take all six cortisol samples from 47 of the 49 subjects, and 44 had complete profiles with sufficient saliva to measure six cortisol levels. The other three had at least three samples that could be measured. However, the generalised estimating equation model for a repeated measures logistic regression allows for missing values when there are at least two repeated measures. Table S1 describes the cortisol means and standard errors for each time point in the study. The results of the generalised estimating equation indicate that time was statistically significant (Wald chi-square 39.23, p < 0.001). The results showed a gradual decrease in cortisol levels across time. Tests on the differences between the six time points were conducted using Bonferroni-adjusted alpha levels of 0.008 per test (0.05/6). A pairwise comparison of means indicated that the mean cortisol responses were significantly lower (p < 0.001) at the fifth (8.26 nmol/L, 0.39) and sixth time points (8.56 nmol/L, 0.36) -15 and 30 minutes after SCC had finished -than at both the second (10.55 nmol/L) and the third time points (10.05 nmol/L), which were 15-30 minutes after arriving in the room and just before the experimental procedure started.
As with the cortisol responses, the blood pressure responses showed similar decreasing patterns over time.
Firstly, the mean and standard deviation systolic response readings also showed a diminishing trend over time, with the lowest measures (123 mmHg, 2.21) after 60 minutes in SSC. Time was statistically significant (Wald chi-square 46.54, p < 0.001) (Table S2 ). Secondly, the results for diastolic response showed a statistically significant decrease (Wald chi-square 35.86, p < 0.001). The pairwise comparison of means revealed that a significant difference (p < 0.001) occurred 15-30 minutes after arrival in the room (79 mmHg, 1.24) and after 60 minutes of SSC (72 mmHg, 1.54), (Table S3) . Finally, the mean measures and standard deviation of pulse/minute (Table S4) showed a constant decrease from the fathers' arrival in the room (75 pulse/minute, 2.02) to the final measurement 30 minutes after SCC (68 pulse/minute, 1.90). This result was statistically significant (Wald chi-square 35.99, p < 0.001). In summary, a significant and gradual decrease in both cortisol levels and blood pressure after the first hour of skin-to-skin care was confirmed.
DISCUSSION
The objective of the present study was to observe and measure the fathers' physiological stress responses, namely cortisol levels and blood pressure, before, during and after their first experience of SSC. The results confirmed a significant decrease in cortisol levels and blood pressure during and after SSC. Blood pressure readings decreased from arrival in the room where SCC took place until the end of the experiment, that lasted one hour. Furthermore, the cortisol response increased from arrival in the room until the start of the experiment 15-30 minutes later then decreased continuously until the end of the session. We believe that this delay between the arrival in the room was the consequence of the stressful anticipation experienced by fathers, as it would be the first time they held their premature baby.
Following exposure to stress, both the autonomic nervous system and the hypothalamic-pituitary-adrenal axis are centrally activated (21) . Autonomic nervous system activity modulates all physiological responses (18) by involving two subsystems: the parasympathetic nervous system and the sympathetic nervous system. The parasympathetic nervous system is involved in growth and Figure 1 Time points for the collection of physiological stress response data.
restorative processes in the body, while the sympathetic nervous system responds to threatening situations by rapidly mobilising existing body reserves in the well-known fight or flight response, as illustrated when the subjects arrived in the NICU room. The delayed cortisol response, which was found in the fathers' saliva 10-30 minutes later, followed the same pattern, by initially increasing then decreasing continuously until the end of the experiment. This delay in the cortisol response creates a time difference between the autonomic nervous system and the hypothalamic-pituitary-adrenal axis responses, which converge with a delay of up to 30 minutes (16). This significant reduction in physiological stress could be explained by the psychological effects of the intimate contact between the father and baby when they were close together in SSC for the first time. To develop this idea, it is important to first recall that fathers of premature babies are usually exposed to a very high level of stress in the NICU (1, 5, 11, 12, 22, 23) , which is associated with the loss of the parenting role (24) . Qualitative studies have found that holding their baby in SSC results in fathers feeling more in control of the situation and reacting better to unexpected events (15, 25) . Thus, the reduction in physiological stress responses found in this study could be explained by the fact that this first physical contact helped the father to recover his role as a parent and gave them a sense of control that might be very significant for the future relationship and welfare of the dyad.
Besides the recovery of their role as a father, the reduction in stress could be due to physical touch, as it has been reported to reduce levels of anxiety and diastolic blood pressure (26) . The result of the significant reduction in stress responses brought about by this simple intervention demonstrates the value that SSC can have for fathers of premature babies. SSC has also been proven to decrease salivary cortisol reactivity in babies and improve the concordance between the mothers' and infants' salivary cortisol levels (27) . Morelius et al. found that during their first SSC, mothers only experienced a significant reduction in cortisol levels after the SSC was over and not during the intervention (28) . Contrary to Morelius et al.'s findings, we found a significant difference during and after SSC, as did Cong et al. in their study of both mothers and fathers (29) .
In the present study, the decrease in the fathers' cortisol secretion during their first SSC was consistent with Cong et al.'s study, which demonstrated that 30 minutes of SSC with a very premature infant effectively lowered the salivary cortisol levels in fathers (29) . However, our findings were not totally in agreement with the Cong et al. study: in their study, the paternal cortisol levels increased back to the baseline level 30 minutes after the end of SSC, whereas low cortisol secretions were maintained in our study 30 minutes after the end of SSC. The anomaly may be explained by the fact that SCC lasted for 60 minutes in our study but was only 30 minutes in the Cong et al. study. We hypothesise that the more consistent impact following our longer SSC experiment was associated with a gradual increase in confidence and a decrease in the stress experienced by the fathers. Cortisol variations are part of the biobehavioural mechanism that is the final expression of the hypothalamic-pituitary-adrenal activity associated with variations in the oxytocin receptor system (30) . Therefore, we suggest that the drop in cortisol levels was consistent with a behavioural reduction in stress and an increased feeling of well-being.
The results of the present study highlight the potential for SSC to be used as an intervention for child survival and also an intervention to reduce stress in parents in the NICU.
The present study had some limitations. Firstly, the additional inclusion of a control group would have helped to corroborate that the reduction in physiological stress responses found in this study was produced by this close SCC encounter between the baby and father and not by other factors such as resting in a chair for 60 minutes. However, this was not possible due to ethics-based arguments put forward by the clinical team. Other methodological options, such as a crossover trial, were considered, but the specific environment in the NICU, the novelty of the intervention and the clinical team's lack of consensus made these options impossible. These limitations suggest the need for further studies to include a control group before any final conclusions can be drawn. Secondly, the inclusion of a follow-up component would have been valuable as it would have enabled us to understand the longer-term physiological effects of SSC in fathers and to corroborate the same paternal stress response pattern. Due to the methodological and ethical limitations of our study, we cannot conclude that SCC had a direct impact on reducing the fathers' stress. Thirdly, due to cortisol circadian rhythms in adults, and in spite of the generalised estimating equation analysis that provided statistical control for different times of the day, it was a limitation that the saliva samples were not collected from the fathers at the same time of day.
Nonetheless, it is important to highlight that the present study was one of the first to explore the association between the reduction of physiological stress in the fathers and their very first experience of SSC. Holding their baby can also help fathers to regulate their emotions and reduce their fears about their premature baby and increase their sense of competence as a father.
CONCLUSION
The results of this study on the physiological stress responses of fathers during their first SSC with their new baby support hospitals where SSC includes fathers, as it gives them the chance to share their first intimate contact with their newborn infant. The significant and gradual decrease in both cortisol levels and blood pressure after the first hour of skin-to-skin care was an important finding for medical staff working with the families of premature babies. We suggest that the duration and frequency of this intimate contact might reduce fathers' stress level during the first hours and days following their infants' premature birth and enhance their feeling of competence.
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